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Schistes lustrés from Corsica to Hungary : back to the original sediments
and tentative dating of partly azoic metasediments
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This paper is dedicated to the memory of Ing. Secondo
Franchi who found so many fossils in the Schistes lustrés (his
“calcescisti con pietre verdi”) and, as an exceptional field geo-
logist and observer, carefully described, as early as at the begin-
ning of the 20th century, many lithological characteristics of
these metasediments. His descriptions were outstandingly use-
ful for further research on facies, age and geodynamic signifi-
cance of the Schistes Lustrés.
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Abstract. – The Alpine and Corsican Schistes lustrés (SL) are nearly azoic Jurassic-Cretaceous metasediments often as-
sociated with ophiolites. They are derived from both the vanished Valais (N-Penninic) and Piemont-Ligurian
(S-Penninic) oceans and from their continental margins.
Their age is generally poorly known. Because of fossils discovered by Alb. Heim and by S. Franchi at the begin-
ning of the 20
th
century, they were believed for a long time to be mostly Liassic in age. We know now that the major part
of the SL is Cretaceous.
Deep-sea sediments, and particularly the SL, are made up of a hemipelagic-pelagic background (HPB) associated
with detrital components of local or distant origin. The nature of the HPB, mostly conditioned by Tethyan and world-
wide events, is of great help as an at least rough stratigraphic marker ; in contrast, detrital material is not a reliable
marker because it may occur at different times in different places. The HPB exhibits several successive, 10 to 40 m.y.
long episodes which are either predominantly argillaceous (A) or calcareous (C). During the deposition of the Juras-
sic-Cretaceous SL, seven episodes can be distinguished : C1, calcareous Liassic ; A1, marly Upper Liassic ; C2, calcare-
ous latest Liassic and early Dogger ; A2, shaly or radiolaritic late Dogger-early Malm ; C3, calcareous late Malm ; A3
shaly or marly early Cretaceous ; C4 calcareous late Cretaceous. They can be recognized, each one by its prevailing li-
thology, and all together by their succession in order from C1 to C4. Nearly all of these subdivisions are here and there
dated by rare fossils, which allow for a rough dating of the numerous azoic SL series.
As they exhibit very different lithologies, from pelagic calcareous oozes to Black Shales and various kinds of
flysch and other mass flow deposits, the SL cannot be considered as a specific, well-defined facies : they are not charac-
teristic for a particular stage of the geodynamic evolution of the Alps.
Finally, a possible influence of worldwide events is suggested. First, the role of the depth of the CCD, governed
by early late Jurassic and early late Cretaceous biotic recoveries. Secondly, the correlation with first order eustatic
events : transgressions on platforms seem to be roughly coeval with A episodes in the deep sea, regressions with C epi-
sodes.
Les Schistes lustrés de la Corse à la Hongrie : retour vers les sédiments originels et essai de
datation de méta-sédiments azoïques
Mots clés. – Alpes, Corse, Schistes Lustrés, Bündnerschiefer, Calcescisti, Stratigraphie, Sédimentation hémipélagique-pélagique,
Téthys, Océan Valaisan, Océan Liguro-Piémontais, Eustatisme, CCD.
Résumé. – Les Schistes Lustrés (SL) corses et alpins sont des métasédiments jurassico-crétacés en grande partie asso-
ciés à des ophiolites, issus des océans Valaisan (Nord-Pennique) et Liguro-Piémontais (Sud-Pennique) et de leurs mar-
ges continentales.
Age des SL. Faute de fossiles en nombre suffisant, il est assez mal connu. Les premières découvertes de fossiles
(gryphées, ammonites) par Alb. Heim et S. Franchi, ont conduit à y voir des sédiments surtout liasiques, alors qu’en réa-
lité la plus grande masse des SL est d’âge crétacé.
Fond hémipélagique-pélagique et apports détritiques. Remonter du méta-sédiment au sédiment originel est le
plus souvent possible, malgré plissements et métamorphismes : on y reconnaît des calcaires, des calcschistes, des schis-
tes sombres non calcaires (“Black Shales”), des flyschs variés. Le sédiment originel, généralement de mer profonde,
comporte l’association d’un fond hémipélagique-pélagique (hemipelagic-pelagic background = HPB) et d’apports détri-
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tiques. La nature du HPB, principalement régie par l’évolution de la Téthys et même de l’océan mondial, peut servir de
“marqueur” temporel. Les apports détritiques au contraire, dépendant d’événements locaux susceptibles de se repro-
duire ici ou là et à différentes époques, ne peuvent pas être des marqueurs fiables.
Dans le fond hémipélagique-pélagique, une succession d’épisodes à dominante argileuse (A) ou calcaire (C).
Le HPB des séries jurassico-crétacées de mer profonde, et notamment de la majorité des SL, montre une succession
d’épisodes de premier ordre d’une durée de 10 à 40 Ma : les uns à dominante argileuse (A), les autres à dominante cal-
caire (C). Du Lias à la fin du Crétacé, sept épisodes, C1 à C4 peuvent être distingués (fig. 4, 7, 8, 17).
Ages approximatifs de ces épisodes. La nature lithologique de chacun de ces épisodes, et leur succession dans
un ordre bien déterminé, permettent de construire une stratigraphie lithologique approximative, parfois perturbée par
des apports détritiques (ex. : flyschs calcaires au lieu de calcaires ou calcschistes). Quelques fossiles et microfossiles,
notamment dans des séries non métamorphiques ou peu métamorphiques, permettent de dater approximativement la plu-
part de ces épisodes, cela surtout dans le cas de sédiments de mer profonde, donc en exceptant le Lias inférieur qui est
toujours de mer peu profonde : Lias inférieur calcaire (C1), Lias supérieur argileux (A1), Lias élevé et Dogger inférieur
calcaires (C2), Dogger supérieur-Malm inférieur argileux et/ou radiolaritiques (A2), Malm supérieur calcaire (C3), Cré-
tacé inférieur argileux ou marneux (A3), Crétacé supérieur calcaire (C4).
Une étape dans l’évolution géodynamique de la chaîne ? Lithologiquement très variés, allant des calcaires né-
ritiques ou pélagiques aux Black Shales et aux flyschs, les SL ne peuvent pas être considérés comme un “faciès” unique
caractéristique d’une certaine étape dans l’évolution tectono-sédimentaire alpine.
Corrélation avec des événements mondiaux, ou simple coïncidence ? On peut suggérer deux catégories de cor-
rélations (fig. 16). Premièrement, après les grandes extinctions en masse de la fin du Permien et de la fin du Trias, les re-
naissances biologiques du plancton calcaire (début Jurassique supérieur, début Crétacé supérieur), qui ont une influence
sur la profondeur de la CCD, semblent au moins approximativement coïncider avec le passage d’un épisode A à un épi-
sode C. Par ailleurs, il semble y avoir une corrélation au moins approximative avec les événements eustatiques de pre-
mier ordre : lors des transgressions majeures sur les plateaux continentaux, la sédimentation océanique profonde est à
dominante argileuse (épisode de type A) ; lors des grandes régressions majeures, elle est plutôt calcaire (C). Mais ce ne
sont qu’hypothèses qui mériteraient un examen plus approfondi.
INTRODUCTION
The Alpine and Corsican Schistes Lustrés (SL), also called
Bündnerschiefer or Calcescisti, are Mesozoic metasedi-
ments often associated with ophiolites, which crop out all
along the internal zones of the Alps (fig. 1). They are de-
rived from the vanished Valais (North-Penninic) and
Piemont-Ligurian (South-Penninic) oceans and from their
continental margins.
Alpine and Corsican SL : neither very thick nor monoto-
nous
In the mountain landscapes of the Alps and Corsica, the SL
generally seem, at first sight, to be both monotonous and
very thick. However in many sections their apparent thick-
ness is due to repetitions which result from polyphase iso-
clinal folding, and their monotony (fig. 2, 3, 4) mainly
results from a uniform metamorphic foliation which in fact
affects the different kinds of metasediments.
Stratigraphy and age : poorly known
The SL include several types of lithologies. However, their stra-
tigraphy, age, sedimentological features and palaeogeographic
significance, which all are crucial for geodynamic reconstruc-
tions, are still poorly known.
Most of the SL are nearly azoic for two main reasons :
(1) the sedimentary peculiarities of deep-sea sediments
which are characterized by a primary very poor fossil and
even microfossil content, and above all (2) recrystallization
due to subduction- and collision-induced deformation and
metamorphism. This explains why during the late 19th and
early 20th centuries many authors believed that they were,
e.g., Paleozoic, or Triassic, or a “comprehensive” and mo-
notonous Mesozoic formation, etc.
During the first half of the 20th century, most Alpine
geologists believed that the Alpine SL were Liassic in age,
because of fossils discovered by Alb. Heim [1891] and S.
Franchi [1898, 1910] (fig. 4) ; however all fossils discove-
red by these authors are characteristic for shallow-water de-
posits, which is not the case of the major part of the SL (see
below, § VI). Later, most SL appeared to be Cretaceous, be-
cause they postdate Middle-Upper Jurassic radiolarian
cherts and limestones, and it is now possible to distinguish
Jurassic and Cretaceous SL, belonging to different succes-
sions (see, e.g., § II).




FIG. 1. – The main SL belts in Corsica and in the Alps. 1 –14 : localization
of the successions shown in figure 17.
FIG. 1. – Carte des principaux affleurements de SL en Corse et dans les
Alpes. 1-14 : localisation des successions de la figure 17.
Aim of the paper
In the following we shall first show briefly that it is possi-
ble to go from the deformed, schistose and metamorphosed
SL back to the original sediments, whether deep-sea or not.
Then, biostratigraphic ages of poorly or not metamorphosed
SL or of similar sediments will be established. Using these
results, age and lithostratigraphy of various azoic SL series
may be, at least roughly, reconstructed.
I. – BACK TO THE ORIGINAL SEDIMENT
In the field, it is very often possible to go back from the SL
to the original, non-metamorphic sediments. For instance,
hemipelagic-pelagic-ooze-derived calcschists are clearly
different from shaly-sandy or calcareous-sandy meta-
flysch ; at some places, graded bedding can even be ob-
served (fig. 5).
Hemipelagic-pelagic background versus detrital supply
All deep-sea sediments, like the Jurassic-Cretaceous SL, are
made up of the association of two categories of sedimentary
material.
Hemipelagic-pelagic background (HPB)
The slow deposition of siliceous or calcareous planctonic
shells, and of terrigenous clay particles, gives birth to the
hemipelagic-pelagic background (HPB). As will be shown
further on, the dominant lithology and particularly the ei-
ther more argillaceous or siliceous (A) or more calcareous
(C) composition of this HPB depends on environmental
conditions at the scale of the Tethys or even of the world
ocean : shape of the basin and its relationships with conti-
nental margins, ocean currents, eustatic events, etc. At least
during Jurassic-Cretaceous times, these A and C character-
istic lithologies occur in 10 to 40 m.y. long alternating epi-
sodes (see below, § II and III).
The particular case of the pelagic “Argille a Palombini”
In the non-metamorphic oceanic series of the northern
Apennines (fig. 6), sedimentation of Jurassic radiolarian
cherts and Calpionella limestones was followed by that of
the Lower Cretaceous "Argille a Palombini" (Palombini
Shales) [Elter, 1975], i. e. of non-calcareous dark shales
that bear cm- to dm-thick beds of limestones (the
"Palombini"), at some places associated with minor sand-
stone beds. An analogous formation is also known in the
Alps (Replatte Fm [Lemoine et al., 1970] and similar for-
mations : § II, fig. 9) and in Corsica (Erbajolo Fm
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FIG. 2. – The 900 metres-high, E-facing cliff between the Pic de Ségure
crest and Bouchouze creek (Queyras, western Alps). The crest runs more
or less S (left) – N (right) and both cleavage and transposed stratification
dip towards the W. Both apparent thickness and monotony of these SL re-
sult from repetitions due to isoclinal, E-W trending folds with a strong
axial cleavage : several zones of Uppermost Jurassic marbles (1), Lower
Cretaceous Palombini Shales (2), Mid Cretaceous Black Shales (3) and
Upper Cretaceous calcschists (4) can be distinguished and mapped here.
Formations 1, 2+3 and 4 correspond respectively to episodes C3, A3 and
C4 defined in § II, III and fig. 8).
FIG. 2. – Le versant oriental de la crête de Ségure (Queyras, Alpes Occi-
dentales). Dans cet escarpement, allongé du N (à droite) au S (à gauche),
haut de 900 m, l’épaisseur et la monotonie des SL ne sont qu’apparentes :
des plis isoclinaux synschisteux axés E-W affectent des calcaires (Juras-
sique supérieur : 1) des schistes à Palombini (Crétacé inférieur : 2) des
“Black Shales” (Crétacé inférieur : 3) et des calcschistes (Crétacé supé-
rieur : 4).
FIG. 3. – SL of the Glockner nappe (Hohe Tauern window, eastern Alps).
The Fuscherkar (left) and Sinnwelleck peaks, seen from the S, exhibit ap-
parently thick and monotonous SL (Bündnerschiefer) affected by blues-
chist to eclogite metamorphism. However, the geological map [Höck and
Pestal, 1994] shows here repeated alternations of garnet-muscovite schists
and quartzites (Lower Cretaceous Black Shales with sandy intercalations :
§ IV) and mica-marbles (Kalkglimmerschiefer : Upper Cretaceous
calcschists) which result from isoclinal folding. In the back to the left : the
Grossglockner (prasinites).
FIG. 3.– Les sommets du Fuscherkar et du Sonnwelleck dans la nappe
océanique du Glockner, vus du S (fenêtre des Hohe Tauern, Alpes orienta-
les). Ces SL apparemment épais et monotones montrent en réalité des al-
ternances répétées de schistes à grenat et muscovite (anciens “Black
Shales”, Crétacé inférieur : § IV) et de marbres micacés (anciennes vases
calcaréo-marneuses, Crétacé supérieur). En arrière à gauche : le Gross
Glockner (prasinites).
[Amaudric du Chaffaut et al., 1972] and metamorphic
equivalents : § V, fig.13).
The shales are generally interpreted as deep ocean clays
deposited below the CCD, and the limestone beds as pelagic
turbidites originating from less deep parts of the basin,
above the CCD ; the whole therefore characterize an A-type
HPB episode. A present-day counterpart is possibly found
in the recent sediments of the Romanche trough (Equatorial
Atlantic) : piston cores [Kullenberg, 1959; Mellis, 1958] re-
vealed layers of pelagic calcareous ooze intercalated bet-
ween non-calcareous clays deposited below the CCD.
Detrital supply
Olistoliths, breccias, debris-flow deposits, more or less
proximal or distal turbidites may be associated with the
HPB. They are derived from various sources, ranging from
active submarine fault-scarps to submarine canyons and
slopes. The nature and distribution of such sediments
mostly depends on local tectonic events.
Searching for stratigraphic markers
Detrital beds cannot be used as stratigraphic markers
That clastic intercalations cannot be used as stratigraphic
markers, results from conditions linked with their local ori-
gin, and from the fact that analogous favourable conditions
may occur in many places and at different times.
For instance, the typical “Brèche du Télégraphe” in the
western Alps, easy to recognize and characterized by mos-
tly calcareous-dolomitic clasts, was first believed to be res-
tricted to the Liassic [Kilian, 1891]. However, analogous
breccias are now dated, from place to place, Liassic,
Mid-Jurassic, Oxfordian (Brèche du Télégraphe s. str.), or
Upper Cretaceous [Barbier, 1948 ; Lemoine, 1967]. They
may reflect local tectonic events and result from submarine
faulting during or after rifting, which might be highly diac-
hronous.
Similarly, the “Gresten Beds” which are Liassic at their
type locality (northern border of the eastern Alps, between
the Calcareous Alps and the Rhenodanubian flysch zone),
exhibit an association of shales, sandstones, and coal beds.




FIG. 4. – The famous Grand Hoche section [Franchi, 1910], NE of the
Montgenèvre pass (western Alps). In this tectonically overturned Piemon-
tese stratigraphic series, affected by slight blueschist then greenschist me-
tamorphism, Upper Triassic dolomites (whitish cliff) and fossiliferous
Rhaetian-Hettangian beds in “Kössen facies” topped by a thick calcareous
layer (now dated Hettangian) are followed by SL which seem monotonous.
However, several different formations were described in detail nearly a
century ago by Franchi [1910]. Nothing, except the ages, has to be changed
in his description of the section : numbers 1-9 refer to Franchi’s “Lias Pie-
montese” which is fossiliferous (few Liassic ammonites and belemnites)
only in limestones 1. Franchi’s formations 2 to 9 are now dated Jurassic
and Cretaceous and clearly correspond to episodes C1 to C4 as described
in § II & III and figure 8. Data from Franchi, facies and ages revised by the
author.
FIG. 4. – La célèbre coupe de la Grande Hoche décrite par Franchi en
1910. Une série renversée, comprenant les dolomies du Norien (facies
“Hauptdolomit”), les alternances schisto-calcaréo-dolomitiques du Rhé-
tien-Hettangien (faciès des “couches de Kössen”), enfin d’épais SL, le
“Lias Piémontais” de Franchi. La coupe détaillée a été dessinée et décrite
par ce géologue dès 1910 (les n
os
1 à 9 sont les siens). Seuls les calcaires 1
sont fossilifères (ammonites, bélemnites, d’âge liasique). Les termes 2 à 9
sont d’âge jurassique et crétacé. Données d’après Franchi, revues et réin-
terprétées par l’auteur, montrant la succession d’épisodes C1 à C4 décrite
dans le § III.
FIG. 5. – Graded beds of sandstones and shales of mid-Cretaceous
flysch-like SL (N of Bric Bouchet, Queyras, western Alps). Differential
erosion makes the graded bedding visible : several a few dm-thick,
right-way-up sandy-argillaceous elementary sequences.
FIG. 5. – Séquences granulo-classées dans des SL du Crétacé moyen à fa-
ciès flysch (N du Bric Bouchet, Queyras, Alpes occidentales). L’érosion
différentielle met en évidence une succession de séquences élémentaires
gréseuses à leur base, schisto-gréseuses au sommet.
A comparable clastic facies association may be deposited
under similar conditions (transgression, first continental
then shallow marine beds) which may occur in different pla-
ces and at different times.
The nature of the HPB may be a rather good stratigraphic
marker
In contrast to local event-derived clastics, hemipelagic-pe-
lagic lithologies are typically controlled by the evolution of
Tethyan or even global climatic and oceanographic condi-
tions. This results in the occurrence of several widespread,
characteristic and contrasting formations with relatively
well-defined ages. For instance, the dominantly argillaceous
Lower Cretaceous “Black Shales” are known in many Al-
pine units as well as in the Atlantic ocean [Jenkyns, 1980 ;
Graciansky et al., 1981, 1982]. Their deposition is gener-
ally followed by that of dominantly calcareous Upper Creta-
ceous Globotruncana-bearing limestones and marls (e.g.
“Couches Rouges” of the Prealpine nappes, “Scaglia” of the
Apennines), which are known in the whole Mesozoic Tethys
as far as the island of Timor [Gageonnet and Lemoine,
1958 : p. 60].
In Jurassic and Cretaceous times, an alternation of 10 to
40 m.y. long episodes, either of A type (non-calcareous : ar-
gillaceous or siliceous) and C type (calcareous) may be dis-
tinguished.
II. – DATING SUCCESSIVE,
JURASSIC-CRETACEOUS A AND C EPISODES :
THE HELP OF FOSSILIFEROUS, POORLY
METAMORPHIC SERIES
Non- or poorly-metamorphic successions deposited on
ophiolites : Ybbsitz klippen west of Vienna and Ligurian
units of the northern Apennines
The Ybbsitz klippen zone
Its ophiolites and sediments are sandwiched between the
nappes of the northern Calcareous Alps above, and the
Flysch zone of the eastern Alps below. The rather
well-dated sedimentary series [Schnabel, 1992] was depos-
ited on ophiolites (undeformed pillow-basalts, serpentinites)
and comprises a fossiliferous characteristic succession :
radiolarian cherts, Aptychus limestones, typical “Palombini”,
sandy then calcareous flysch (fig. 6). This rather well dated
succession shows a clear A-C-A-C - alternation.
Indeed, nobody would call “SL” or “Bündnerschiefer”
these deep-ocean sediments which are poorly deformed
(slight folding, non-penetrative deformation) and nearly not
metamorphosed. Nevertheless, a similar succession, if af-
fected by relatively strong Alpine Tertiary deformation and
metamorphism, would resemble “classical” SL.
Northern Apennines
As in the Ybbsitz klippen zone, this succession [Elter,
1975] exhibits the same A-C episodes (fig. 6), except if lat-
erally replaced by clastics (Gottero sandstones).
In these successions, sandy flysch can precede or late-
rally replace the Upper Cretaceous calcareous flysch. Simi-
lar occurrences will be encountered in the highly
metamorphosed Corsican SL (Cap Corse : § V).
Valais (North Penninic) SL and flysch of the Prätigau
(eastern Switzerland)
In the Prätigau half window, all authors distinguish
“Bündnerschiefer” (Lower Cretaceous and Cenomanian)
and “flysch” (Turonian to Lower Eocene). The subdivisions
of the Cretaceous are dated by palynomorphs up to the
Cenomanian [Pantic and Gansser, 1977], by foraminifera in
and after the Turonian [Nänny, 1948]. These are (fig. 7) :
(1) limestone-marl alternations dated early Cretaceous
(Klus Fm), (2) black shales and sandstones (Valzeina Fm,
lateral equivalent of the Nolla Tonschiefer Fm near Via
Mala), i.e. “Black Shales” in “Gault” facies, (3) calcschists
dated Cenomanian (Sassauna Fm, Nolla Kalkschiefer), (4)
calcareous flysch dated Turonian, Senonian and early Ter-
tiary. Leaving aside the Klus Fm, an exception which will
be discussed below (§ VI), this series clearly exhibits the
succession of A then C episodes, more precisely A3 (early
Cretaceous) and C4 (late Cretaceous), as will be defined
later. The boundary between the Black Shales (A3 episode)
and the calcareous Upper Cretaceous (C4) is here some-
where in the Cenomanian.
To the south, near the Adula crystalline nappe, the lo-
wermost part of the Bündnerschiefer also comprises syn–
and pre-rift beds, as, e.g., Gryphaea-bearing sandy limesto-
nes [Nabholz, 1945] which belong to a complex of imbrica-
tes near the front of the Adula crystalline nappe (i.e., the
tectonic “mélange” of Steinmann [1994]).
E and SE of Briançon (western Alps) : Gondran-Lago
Nero (near Montgenèvre pass), Queyras and Monviso SL
The greenschist-blueschist (Queyras) to eclogite (Monviso)
metamorphosed SL of this area contain a few fossils and
microfossils. At least three successions (fig. 8) can be dis-
tinguished. They belong to three thrust-sheets which are
folded together [Lemoine and Tricart, 1993].
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FIG. 6. – Fossiliferous, well-dated A2 to C4 episodes in two supra-ophioli-
tic (oceanic) non- or slightly metamorphic series : Ybbsitz klippen zone in
the eastern Alps (after Schnabel [1992] and field observations and interpre-
tations by the author), and northern Apennines (after Elter [1975] and field
observations by the author). “Gault flysch” and “Neokom flysch” are terms
from Schnabel’s paper [1992].
FIG. 6. – Episodes A2 à C4 fossilifères et datés dans deux séries su-
pra-ophiolitiques (océaniques) non métamorphiques : Ybbsitz (Alpes
orientales), Apennin septentrional.
Distal continental margin : the Piemontese Grande
Hoche-Roche des Clots series
Its SL were deposited on Upper Triassic dolomites (fig. 4,
8), and above the well-known fossiliferous Rhaetian beds
discovered a century ago ([Franchi, 1898, 1910] ; see also
Dumont et al. [1984]) ; Lower Liassic limestones (C1) are
overlain by ammonite-bearing Upper Liassic shales (A1).
These sediments are followed by non fossiliferous beds of
alternating A- and C-types. In the Queyras mountains, the
C4 calcschists yield some poorly preserved late Cretaceous
foraminifera (Globotruncanidae) [Lemoine et al., 1984]
Oceanic Lago Nero and Queyras series
These SL were deposited on ophiolites and begin with Ju-
rassic radiolarian cherts dated Oxfordian near Saint Véran
and Bathonian-Callovian at Mte. Traversiera [De Wever and
Baumgartner, 1995] ; these cherts are overlain by Upper Ju-
rassic limestones which can also rest directly upon the
ophiolites. These Upper Jurassic beds are in turn overlain
by Lower Cretaceous Palombini shales (fig. 9) and Black
Shales, and by Upper Cretaceous calcschists in the Queyras
unit (fig. 10), where a few Globotruncanidae were discov-
ered [Lemoine et al., 1984]. In the Lago Nero Unit, the
non-fossiliferous Upper Cretaceous beds are limestones and




FIG. 7. – Valais (North-Penninic) Bündnerschiefer (SL) series in the moun-
tains of Valais, Prätigau, and of Lower Engadine window). Fossiliferous
beds in Prätigau and Engadine : see fig. 17. The southern lateral equiva-
lents, in the Via Mala area, of the Valzeina and Sassauna Fm are the Nolla-
ton– and Nollakalkschiefer, respectively. Abbreviations for figs. 7, 8, 11,
16 : B.S. : Black Shales. Br : breccia. Cs, calcsch. : calcschists. Dol., Do-
lom. : dolomites. Lst : limestones. Ol, olist. : ophiolitic olistoliths (and as-
sociated clastics). O.M. : organic matter. OPH : ophiolites. R : radiolarian
cherts. Sdst. : sandstones. Qtzt : quartzites. After Trümpy [1954], Nänny
[1948], Pantic and Isler [1978], Bertle [1999, 2001], and author’s field
data.
FIG. 7. – SL (“Bündnerschiefer”) valaisans dans le Valais, le Prätigau
(Grisons) et la fenêtre de l’Engadine. Niveaux fossilifères : voir figure 17.
Au S, près de la Via Mala, les équivalents latéraux des formations de Val-
zeina et de Sassauna sont les Nolla Tonschiefer et les Nolla Kalkschiefer.
FIG. 8. – The different blueschist to eclogite SL series of Gondran –Lago
Nero (near Montgenèvre pass), Queyras and Monviso mountains (E and
SE of Briançon, western Alps). Abbreviations : see legend of fig. 7. Data
from author’s own survey.
FIG. 8. – Les différentes séries de SL des montagnes du Gondran et du
Lago Nero près Montgenèvre, du Queyras et du Monviso, à l’E et au SE de
Briançon (Alpes occidentales).
FIG. 9. – Blueschist plus greenschist metamorphosed “Palombini shales”
near Col des Ugousses (South Queyras, western Alps). Alternation of
non-calcareous dark schists and cm- to dm-thick limestone beds.
FIG. 9. – Schistes à Palombini métamorphiques, environs du col des
Ugousses (Sud-Queyras, Alpes occidentales). Alternances de schistes
noirs non calcaires et de bancs calcaires épais de quelques cm à quelques
dm.
FIG. 10. – Upper Cretaceous monotonous calcschists (no stratification can
be seen here, only foliation and tectonic banding) below Black Shales in a
tectonically overturned succession. SW of Col de la Crouzette, N of Ville
Vieille, Queyras (W. Alps). Data from author’s unpublished mapping.
FIG. 10. – Calcschistes monotones du Crétacé supérieur, surmontés en
série renversée par des Black Shales. SW du Col de la Crouzette, N-Quey-
ras.
sandstones, i. e. calcareous flysch [Polino and Lemoine,
1984 ; Lemoine and Tricart, 1986].
III. – HPB IN THE DEEP ALPINE TETHYS :
ALTERNATIONS OF DOMINANTLY
ARGILLACEOUS (A) AND DOMINANTLY
CALCAREOUS (C) FIRST ORDER EPISODES
The above described examples show that Alpine (Tethyan)
hemipelagic-pelagic sedimentary series exhibit a succession
of 10 to 40 m.y.-long first-order episodes during which the
major component of the HPB is alternatively argillaceous or
cherty (A), or calcareous (C). Seven first-order episodes can
be distinguished :
C1 : calcareous Lower Liassic (in fact not a deep-sea
deposit : see below, § VI) ;
A1 : marly or argillaceous Upper Liassic ;
C2 : calcareous uppermost Liassic and Lower Dogger ;
A2 : argillaceous or radiolaritic Upper Dogger-Lower
Malm. Ex. : the “Terres Noires” (the “Jurassic Black Sha-
les”), or the coeval radiolarian cherts in deep oceanic do-
mains ;
C3 : calcareous Upper Malm. Ex. : the “Barre Titho-
nique” i.e. the so-called “Tithonian cliff” (Kimmeridgian to
Berriasian), or the uppermost Jurassic deep water limesto-
nes ;
A3 : marly or argillaceous Lower Cretaceous (Valangi-
nian to Albian), the uppermost beds of which are the Upper
Aptian-Albian “Cretaceous Black Shales” ;
C4 : calcareous Upper Cretaceous (Cenomanian to
Maastrichtian, locally up to Paleocene-Eocene).
Nevertheless, if valid for true deep-sea pelagic sedi-
ments, these subdivisions are not so obvious in certain pa-
laeogeographic domains, especially shallower areas, or
areas where the depth of the CCD is lower than that of the
incipient oceanic ridge (§ VI).
Despite polyphase isoclinal folding and metamorphism,
stratigraphy and structure of the aboved mentioned SL of
the central and western Alps (§ II) can be unravelled be-
cause of three circumstances : (1) sedimentary formations
with the characteristics of one or the other A-C episodes
can be recognized, (2) these episodes appear in the follo-
wing order : C1-A1-C2-A2-C3-A3-C4, (3) in many cases
the stratigraphic interpretations were confirmed by the dis-
covery of a few fossils or microfossils.
This leads to the conclusion that the recognition of (1)
and (2) may help dating azoic SL.
IV. – DATING AZOIC SL (I) : SOME EXAMPLES
IN THE EASTERN ALPS
We’ll now try to find, in azoic or nearly azoic SL series, the
above described C1 to C4 succession, or part of it, which
will allow to roughly date the lithostratigraphic members.
Examples will be chosen in the eastern Alps and in Corsica.
Oceanic SL of probably North-Penninic origin crop out
in the three Penninic windows of the eastern Alps : Lower
Engadine, Hohe Tauern and Rechnitz (fig. 1).
Engadine window
Leaving aside the South- and Mid-Penninic units
(Platta-Arosa and Tasna nappes), the SL of the Lower Enga-
dine window are mostly Cretaceous in age and of
North-Penninic origin [Oberhauser, 1983]. We’ll consider
here only the Piz Mundin SL series recently described by
Bertle [1999, 2001]. These SL or “Bündnerschiefer” were
deposited on the MORB pillow basalts of Piz Mundin ; they
exhibit facies and successions highly comparable with those
of the Prätigau (fig. 7) : Black Shales and sandstones (late
Lower Cretaceous, “Gault” facies : A3) are followed by Up-
per Cretaceous calcareous flysch (C4), i. e. the so-called
“Bunte Bündnerschiefer”. However the calcareous lower-
most Cretaceous beds are neither Palombini shales nor
Black shales : above the pillow-basalts, there are first
calcschists, (the so-called “Graue Bündnerschiefer”) fol-
lowed by biodetrital and siliciclastic limestones
(Tristelkalk) ; this anomaly will be discussed below (§ VI).
Ocean-derived SL of both the Hohe Tauern (Glockner
nappe s.s.) and Rechnitz windows
In the Glockner nappe s.s. of the Hohe Tauern window
(“Glockner nappe in Glockner facies” of Frasl and Frank
[1966, 1969]), ophiolites are mainly prasinites, associated
with less than 1 % gabbro and a few % of serpentinite and
ophicalcite. The metasedimentary cover of this mostly ba-
saltic oceanic crust comprises (1) sandy “garnet-mica-
schists” which are derived from non-calcareous shales with
sandy intercalations, and (2) “Kalkglimmerschiefer”, i. e.
highly calcareous calcschists (fig. 3, 11).
In the Rechnitz window, the ophiolites are overlain by
(1) non-calcareous Black Shales (at some places with “Pa-
lombini-like” limestone beds) followed by (2) bedded li-
mestones and calcschists (an equivalent of the Hohe Tauern
Kalkglimmerschiefer). In both cases, the sedimentary cover
of the ophiolitic crust thus exhibits the succession Black
Shales – calcschists, i.e., either A2-C3 (Jurassic), or A3-C4
(Cretaceous) ; the latter interpretation is much more likely
because of (1) the great thickness of the calcareous member,
even if isoclinally folded, and (2) fossils discovered in the
limestones of the Rechnitz window : these are sponge spi-
cules of either late early Cretaceous or late Cretaceous age
[Schönlaub, 1973] ; as they were not found in Black Shales
(which are generally late early Cretaceous in age : end of
A3) but in limestones, they are more probably late Creta-
ceous (C4 instead of A3).
Concluding, both in the Rechnitz window and in the
Glockner nappe s.s., the oceanic SL are Cretaceous : from
one place to the other, A3-C4 or directly C4 sediments were
deposited upon the ophiolites.
Hohe Tauern : continental margin-derived Venedi-
ger-Hochsteg unit s. l.
Two units (Seidlwinkel and Venediger), derived from the
northern, European margin of the “Glockner ocean” crop
out below the ocean-derived Glockner nappe s. l. (fig. 11).
Their SL are Jurassic or Cretaceous.
In the Tux valley, near the NW corner of the window,
the Venediger unit comprises a crystalline basement and its
sedimentary cover which exhibits a typical C3 – A3 succes-
sion with (1) limestones (“Hochstegenkalk” : C3) where an
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Upper Jurassic ammonite (Perisphinctes) has been found
[Mutschlechner, 1956], and (2) the SL of the Kaserer Fm,
i.e. Black Shales (A3) with abundant clastics (olistoliths,
olistostromes, turbidites, etc.) ; the latter are syn-rift or ear-
ly post-rift with respect to the “Glockner ocean”. Younger
beds (C4) were not described.
To the SW of the Venediger crystalline crest, pre-Hoch-
steg beds of Triassic and probable Liassic age were descri-
bed [Frisch, 1975].
Hohe Tauern : continental margin Seidlwinkel and Mo-
dereck nappe
These units lie above the Venediger-Hochsteg unit and be-
low the overlying Glockner nappe s.l., in at least two places
(fig. 11) : (1) north of the Tux valley (Modereck unit), and
(2) east of the Venediger crystalline basement, on both sides
of the Glockner road (Seidlwinkel nappe). Their Triassic
pre-rift sediments comprise the sandy Permo-Triassic
Wustkogel Fm overlain by the calcareous-dolomitic, Mid-
dle-Upper Triassic Seidlwinkel Fm ; at some places in the
Seidlwinkel unit, the top of the latter Fm includes gypsum
and chloritoid schists of inferred late Triassic age (e.g.,
Fuscher Törl on the Glockner road).
Post-Triassic beds of the Seidlwinkel nappe : SL of the
Brennkogel formation
The SL of the Brennkogel Fm comprise mainly dark
calcschists and shales (Black shales) with intercalations of
5 to 20 m thick quartzite beds : a typical association of the
so-called “Gault-type” Black Shales as known also in east-
ern Switzerland (Valzeina Fm and Nolla-Tonschiefer : § II)
and in the Engadine window (§ IV). A non metamorphic
equivalent is shown by the Aptian-Albian “blue marls” with
numerous glauconitic sandstones 10 to 30 m thick beds,
and six thin organic matter-rich layers in the Vocontian
trough or southwestern France [Rubino, 1988]. The only
few metres thick lower part (Schwarzkopf beds) of the
Brennkogel Fm is made up of alternating quartzites and
kyanite-bearing graphitic shales which can be considered as
metamorphosed organic-matter-rich mid-Cretaceous beds.
For all these reasons, following R. Trümpy [1966], we con-
sider that the Brennkogel Fm is of early mid-Cretaceous age
(A3).
However, due to the lack of fossils, the problem remains
open : the presence of graphitic schists at the base of the
metamorphic Brennkogel Fm may also suggest a compari-
son with the detrital, coal-bearing Liassic Gresten Fm
known at the northern border of the eastern Alps ; such an
hypothesis leads to consider the apparently deep-sea Brenn-
kogel Fm as shallow marine Liassic, even if not calcareous
(no Rhaetian of “Kössen” facies, and no calcareous – C1
type – early Liassic). But as seen above (§ I), detrital,
coal-bearing and above all non- or shallow-marine facies
cannot be taken as reliable stratigraphic markers.
At the Hochtor pass, the Brennkogel Fm exhibits nume-
rous intercalations of breccias and microbreccias with al
sandy matrix and calcareous and dolomitic clasts which are
obviously derived from the underlying Triassic beds. This
post-rift relatively deep water Fm has therefore been very
probably deposited on the eroded pre-rift Triassic carbona-
tes – a situation which reminds the case of the Briançonnais
of the western Alps (hemipelagic-pelagic post-rift Malm
beds deposited on eroded pre-rift Triassic carbonates).
At least locally (Margrötzenkopf W of Hochtor pass)
the upper part of the Brennkogel Fm is made up of
calcschists (C4 Upper Cretaceous ?).
Post-Triassic beds of the Modereck unit
They are quite different and comprise, above the Wustkogel
and Seidlwinkel Fms, limestones, banded cherts and marls
of inferred Liassic to Malm age, but no equivalents of the
Brennkogel Fm.
V. DATING AZOIC SL (II) : TWO CORSICAN
EXAMPLES, CASTAGNICCIA AND CAP CORSE
In Corsica, SL occur in different metamorphic and tectonic
settings. To the SE of Corte, in the Inzecca gorge and
around Vezzani and Altiani, slightly metamorphic SL lie on
ophiolites : radiolarian cherts, thin uppermost Jurassic lime-
stones and typical Palombini Shales (Erbajolo Fm) build a
succession A2-C3-A3 which is clearly Jurassic and early
Cretaceous [Amaudric du Chaffaut et al., 1972].
More to the north, in the Castagniccia and Cap Corse
areas (fig. 12), the SL and ophiolites underwent strong iso-
clinal folding and metamorphism in deep blueschist and
eclogite facies followed by a greenschist facies overprint.
No fossils were found but the lithological succession is very
clear : dating these SL series is possible using the
above-mentioned criteria, viz. identification of characteris-
tic lithologies, and their succession. As shown on figure 12,
a characteristic succession can be clearly seen on the field,
resting on ophiolites : (1) quartzites, i.e. metamorphic ra-
diolarian cherts (in certain sections only) ; (2) whitish-




FIG. 11. – Main SL series and their substratum in the Hohe Tauern window.
Below left : simplified map. Below right : sketch-section of the structural
relationships between the different units. The Fusch nappe (part of the
Glockner nappe s. l. of Frasl and Frank [1966, 1969]) comes probably from
the southern margin of the Cretaceous Glockner ocean, because its basaltic
and gabbroic rocks are non-ophiolitic (not MORB) [Höck and Miller,
1987]. Abbreviations : see legend of figure 7. Wustkgl. : Wustkogel Fm
(sandy Permo-Trias). Seidlw. : Seidlwinkel Fm (Middle-Upper Triassic
carbonates). Data from Frasl and Frank [1966], Egger et al. [2000] and au-
thor’s field observations.
FIG. 11. – Les principales séries de SL dans la fenêtre des Hohe Tauern. La
nappe de Fusch, partie supérieure (septentrionale) de la nappe du Glock-
ner s. l. de Frasl et Frank [1966, 1969], provient d’une marge continen-
tale, car ses roches volcaniques et plutoniques basiques ne sont pas
ophiolitiques [Höck et Miller, 1987].
greyish marbles ; (3) black shales with limestones intercala-
tions ("Palombini" : fig. 13) ; (4) limestones and/or calcschists.
They correspond, respectively, to the above distinguished A2,
C3, A3, and C4 episodes, i.e., Middle-Upper Jurassic, Lower
and Upper Cretaceous.
Western Castagniccia (e.g., region of Campana and
Croce, north of Piedicroce)
The series rests on serpentinites or metabasalts, and is devoid
of any significant sandstone intercalation (no turbidites).
Cap Corse (Morsaglia-Meria, Luri-Cagnano and Sisco
sections)
A similar series occurs, in a tectonically overturned posi-
tion. It has been deposited on basalts (now prasinites). Con-
trary to Castagniccia, the series is here rich in sandstone
intercalations. A 3 is at places a distal flysch; between A3
and C4, bedded sandstones (fig. 14) occur, a few hundred
metres thick, which very likely represent a sandy flysch
which may be compared with the Gottero Formation of the
northern Apennines (fig. 6, 12). The upper part of this
sandy formation progressively grades upwards into a sand-
stone-limestone flysch (fig. 15) whose type of stratification
reminds that of the Helminthoid, Antola or Caio flysches
(western Alps and northern Apennines). Here also, Upper
Jurassic (A2 and C3), Lower Cretaceous (A3) and Upper
Cretaceous (C4) formations can be identified. On the
1:50,000 geological map [Lahondère et al., 1992], this
stratigraphic series was allocated to two different structural
units : the ocean crust and Jurassic limestones to the Sisco
unit, and the Cretaceous beds to the Brando unit. In con-
trast, our interpretation offers a much simpler model which
is consistent with the map : a single structural unit includ-
ing a complete succession from the basalts (prasinites) to
the calcareous flysch (fig. 15).
One may also remark that, if affected by subduction-
and collision-related metamorphisms, the Ybbsitz series
(eastern Alps : § II) and the series of the Ligurian Apenni-
nes would resemble the metamorphic SL series of the Cap
Corse.
VI. SL NEAR OR ON CONTINENTAL MARGINS :
SOME EXCEPTIONS TO THE RULE
The above described succession (A1-C4) is in fact valid for
areas which were both deep-sea and not influenced by
nearby carbonate platforms. For instance, in the Vocontian
domain of the external western Alps (external Dauphiné
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FIG. 12. – Cap Corse and Castagniccia blueschist to eclogite metamorpho-
sed SL : two examples. ol : ophiolitic olistoliths in Lower Cretaceous sha-
les–limestone beds (“Palombini”). Data from author’s field survey.
FIG. 12. – Exemples de séries dans des SL corses métamorphiques et non
fossilifères : Cap Corse et Castagniccia. Ol : olistolithes ophiolitiques
dans les schistes et calcaires du Crétacé inférieur.
FIG. 13. – Palombini shales (Low. Cretaceous) in the Cap Corse SL. Tour
Sta Maria, N shore of Cap Corse.
FIG. 13. – Schistes à Palombini, Tour Santa Maria (côte N du Cap Corse).
FIG. 14. – Sandy flysch (Mid- or late Cretaceous) in the Cap Corse SL. NE
crest of Pta di Furnellu, E of Golfu Alisu. cm- to dm-thick sandstone se-
quences.
FIG. 14. – Flysch gréseux, crête au NE de la Pta. di Furnellu (Cap Corse,
E du Golfu Alisiu).
zone, European margin), the Lower Cretaceous beds com-
prise marly members (e.g., Valanginian marls) but also bed-
ded micritic limestones such as the Barremian-Lower
Aptian ones wich are coeval with the proximal “Urgonian”
platform carbonates of the Vercors and Ventoux mountains.
In fact, this area was relatively shallow, deposited above the
ACD because of the abundance of ammonites in so-called
“hemipelagic” alternations of micritic limestones and
marls.
Another case is that of deep oceanic domains which
were born at a time when the CCD was below the depth
both of the narrow incipient “ocean”, framed by continental
margins, and of the incipient mid-ocean ridge (approx.
2,500 m) : this is clearly the case of the Valais (North Pen-
ninic) ocean which was born in the early Cretaceous, a time
when the CCD was rather deep (see § VIII, fig. 16) : this
may explain why the Lower Cretaceous beds, first deposited
on the new oceanic crust, are generally calcareous. Exam-
ples are (1) the Klus Fm in the Prätigau (either of oceanic or
of distal margin origin), or (2) the Lower Cretaceous
calcschists and Tristelkalk of the oceanic Piz Mundin series
(fig. 7). Both the bioclastic Tristel Fm and Aroley Fm
(fig. 7) are derived from an unknown carbonate platform.
Particular case of the calcareous Lower Liassic (C1)
At least in Corsica, in the western and the central Alps, no
oceanic crust existed in Liassic times : all sediments, in-
cluding those which are called “SL”, were deposited in a
shallow water environment, above ACD because of the pres-
ence of ammonites, also locally Gryphaea [Franchi, 1910 ;
Nabholz, 1945] : this explains the calcareous facies of the
Lower Liassic (C1).
VII. – ARE THE SL A PECULIAR FACIES OR
FORMATION OF GEODYNAMIC SIGNIFICANCE ?
Since the end of the 19 th century, Alpine SL were often
considered as a particular formation or "facies" which
would be characteristic of a certain step of the geodynamic
evolution of a mountain chain such as the Alps : this step
would have always occurred before the flysch and molasse
stages [Bertrand, 1897 ; Bolli and Nabholz, 1959 ; Isler and
Pantic, 1980]. But our review of Corsican and Alpine SL
shows that this cannot be the case, for several reasons.
The different SL may be derived from quite different ty-
pes of sediments : shallow water, ammonite- or Gryphaea-
bearing limestones ; pelagic or hemipelagic calcareous
muds ; Palombini Shales ; Black Shales ; proximal or distal
flysches. From one place to the other, and from one author
to the other, the word or concept “SL” or “Bündnershiefer”
may, or not, include flysch (compare, e.g., Prätigau and
Engadine SL series : § II, IV and fig. 7).
Some SL were deposited during the pre-rift stage,
others during the syn- or the post-rift stages.
Concluding : there is no well-defined particular “SL fa-
cies” ; therefore the deposition of the SL cannot be specific
of any stage in the geodynamic evolution of the Alps, even
more of other Alpine-Tethyan orogens.
VIII. – C-A ALTERNATIONS AND WORLDWIDE
EVENTS : TRUE CORRELATION OR MERE
COINCIDENCE ?
Field data show that the two different kinds of HPB
lithologies, viz. C and A, are more or less time markers in
nearly all pelagic-hemipelagic domains of the Alps and of
Corsica, a fact which indeed requires a global explanation.
But a thorough discussion will be too long in a paper
mainly devoted to facts that allow dating of some SL series.
We shall only suggest here shortly two possible correlations
with certain world-wide events : global sea level on the one
hand, CCD variations and major biological events on the
other hand.
Possible relationships with eustatic first order events
At a first sight, it appears that C episodes are roughly coeval
with first-order regressions, A episodes with first-order
transgressions (fig. 16). In other words, when a major trans-
gression invades continental platforms, sedimentation in
deep basins, far away from the platforms, is predominantly
argillaceous or marly (A). By contrast, during a regression
and emergence of the platforms, the HPB sedimentation in
the deep basins is predominantly calcareous (C).
Deep-oceanic pelagic sediments : influence of variations
of the CCD linked with changes of the planctonic bio-
mass
ACD and CCD are equilibrium surfaces where the sedimen-
tation rate of aragonite and calcite equal the dissolution
rate. In broad and deep basins, the calcium carbonate may
be derived from (1) carbonate platforms (periplatform
ooze), and (2) the calcareous tests of planctonic organisms.
As for the deeper part of the basins, i.e. on oceanic crust
and on deeply subsided distal continental margins, the HPB
may be alternatively calcareous (C) when the bottom is




FIG. 15. – Calcareous flysch in Cap Corse SL. Bocca di Razzetta. Few cm–
to dm-thick sandstone-limestone sequences.
FIG. 15. – Flysch calcaire (Bocca di Razzetta, Cap Corse). Séquences
grès-calcaires épaisses de quelques cm ou dm.
shallower than the CCD, or argillaceous-siliceous (A) when
deposition occurs below the CCD. It seems that in such
deep-sea environments, CCD is partly governed by the pela-
gic calcareous biomass, which depends on variations of cal-
careous plankton abundance.
Consequences of major biological extinction at the end of
the Triassic (210 Ma) : shallow ACD and CCD in the be-
ginning of Jurassic times
This major extinction very likely induced the disappearance
of a great number of planctonic taxa, hence a drastic de-
crease of biodiversity and abundance. This may have re-
sulted in a decrease of the calcareous plancton biomass. As
a consequence, the mean depth of ACD and CCD in the
world ocean was rather shallow, probably less than
1000-1500 metres in Liassic or Mid-Jurassic times. This hy-
pothesis explains why, in contrast to present-day oceans, the
first sediments laid down at ca 2500 m depth upon the new
born Piemont-Ligurian (South-Penninic) ocean were
radiolarian oozes (i.e., our A 2) instead of calcareous oozes
[Bosellini and Winterer, 1975 ; Laubscher and Bernoulli,
1977].
Biotic recoveries
Biotic recoveries follow a mass extinction, partly
immediatly and partly later, eventually some million years
after (see, e.g., Lethiers [1998]). As for planktonic abun-
dance (hence biomass) in Mesozoic times, major biotic re-
coveries seem to have occurred twice, during the early late
Jurassic and during the early late Cretaceous (fig. 16).
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FIG. 16. – Possible correlations of C1 to C4 Jurassic-Cretaceous episodes
with worldwide events : first-order eustatism ; CCD and biotic recoveries.
A : dominantly argillaceous HPB. C : dominantly calcareous HPB. C1 :
shallow marine (above ACD) first calcareous episode. Abbreviations : see
legend of fig. 7. Data on eustatism from Jacquin and Graciansky [1998].
FIG. 16. – Corrélations possibles des épisodes C1 à C4 au Jurassique-Cré-
tacé avec des variations eustatiques de premier ordre et avec des varia-
tions de la profondeur de la CCD liées à des événements biologiques.
FIG. 17. – Selected lithostratigraphic columns of oceanic SL, from Corsica to the Rechnitz window (Austrian-Hungarian boundary). Datation of the A and
C subdivisions of some SL series is possible because of the occurrence of a few fossils. In other SL azoic series, rough datations are due (1) to the recogni-
tion of characteristic lithologies coupled with (2) their succession in the “normal” order, A2 to C4. Kl : Klus series. NT, NK : Nollaton– and Nolla-
kalkschiefer. R : radiolarian cherts. palomb. : Palombini Shales. sandst. : sandstone. Olistol. : olistoliths. Ophiol. detr. : ophiolite-derived detrital beds.
Location of sections 1 to 14 is shown on fig.1.
Sections 1 to 6 after authors own field survey. Others by author’s own observations in the field together with S. Fudral (7), M. Marthaler (8), P. Nievergelt
(9), G. Manatschal (10), P. Nänny and R. Trümpy (11), R. Bertle (12), G. Pestal (13), A. Pahr (14).
FIG. 17.– Quelques colonnes stratigraphiques des SL océaniques, de la Corse à la frontière austro-hongroise. A côté de séries où les datations approxima-
tives des épisodes de type C et A sont confirmées par des fossiles, ces coupes montrent comment on peut, hypothétiquement, dater les termes des séries
azoïques en considérant d’une part les lithologies caractéristiques, et d’autre part la succession de ces lithologies dans un ordre bien déterminé, A2 à C4.
At the beginning of the late Jurassic, a planktonic blo-
om (sudden appearance of Protoglobigerinidae, then in-
crease of Coccolithophoridae, appearance of Saccocomidae,
later of calpionellids, etc.) very probably induced sinking of
both ACD and CCD [Bosellini and Winterer, 1975; Laubs-
cher and Bernoulli, 1977]. This explains why Mid-Jurassic
to Kimmeridgian clay or radiolarian ooze deposition (A2)
has been followed by calcareous ooze deposition (C3) both
in domains floored by oceanic crust and in deeply subsided
distal continental margins. As in these areas extension-indu-
ced thermal subsidence continued, the bottom might have
reached and then sunk below the CCD : this may explain the
beginning of the early Cretaceous A3 episode.
At the beginning of late Cretaceous times, a second
first-order planktonic bloom of Globigerinidae, Globotrun-
canidae, Gümbelinidae, etc. induced again sinking of the
CCD, inducing limestone deposition in deep basins (C4
event), with a CCD probably not very different from that of
the present-day in the Atlantic (around 4 000-4 500 m). Of
course, certain taxa may have undergone extinction, e.g.
around the Cenomanian-Turonian boundary, but we consi-
der here only first-order events : the bulk of the families,
genera and species that could give birth to widespread
deep-sea Globigerina-Globotruncana oozes indeed appea-
red around the beginning of the late Cretaceous.
Global explanation or mere coincidence ?
Concluding, initiation in deep-ocean domains of the two
major Tethyan calcareous episodes, viz. the so-called
"Barre Tithonique” (Tithonian cliff), and the Upper Creta-
ceous limestones and marly limestones seems to have been
more or less governed by two kinds of events : (1) biologi-
cal events affecting the calcareous plancton, and (2) first-or-
der eustatic changes, more precisely first-order regressions.
In contrast, A episodes are linked with first-order transgres-
sions.
As there were very probably no glaciers on the Earth
during the Mesozoic [Habicht, 1979; Lethiers 1998], C and
A episodes, if linked with eustatic trends, seem to have been
above all governed by variations in the volume of ocean rid-
ges : ocean spreading rates, i. e. mantle processes, would
be a possible cause.
Of course, the shallow-water Liassic C1 episode, coeval
with the starting Jurassic transgression, requires another ex-
planation.
But these remarks are only suggestions for further dis-
cussion : our purpose here was mainly to find an at least
rough method for dating deep-sea Jurassic-Cretaceous azoic
sediments.
IX. – CONCLUSION : LITHOSTRATIGRAPHIC
AND BIOSTRATIGRAPHIC DATA, FROM
CORSICA TO HUNGARY
Our review from Corsica to the Rechnitz window at the
Austrian-Hungarian boundary resulted in a rough datation
of several azoic and metamorphic SL series (fig. 17). This
was possible thanks (1) to the recognition of the pre-meta-
morphism original sediments and (2) to the fact that the suc-
cession C1-A1-C2 (on continental margins) then A2 to C4
(on distal margins and oceanic crust) was everywhere
found, and also (3) because in certain series, a few fossils
and microfossils confirmed our lithostratigraphic model.
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